A novel optical access system with optical duobinary (ODB) and non-return to zero (NRZ) downstream signals is proposed and analyzed: the center carrier frequencies of two downlink signals with of 193.07GHz and 193.13GHz. By comparing the optical spectrum diagrams, electrical diagrams and eye diagrams before and after downstream transmission over 20km single mode fiber (SMF), it is proved that the optical spectral efficiency of ODB downstream signals is narrow, and the bit error rate (BER) of NRZ signals is lower. The results demonstrate the two signals have their own advantages in optical access system, and users can choose according to the actual needs.
INTRODUCTION
Passive optical network (PON) [1] is a kind of optical fiber communication technologies, which belongs to the wired access network. It was proposed in the 1990s firstly, in order to meet the demand of user point to multipoint access, PON technology emerges as the times require. As a passive access network technology, PON is deeply loved by users because of its low cost, easy maintenance and business transparency. At present, PON technology is one of the key solutions to "the last mile". Optical duobinary (ODB) modulation and demodulation scheme is widely used because of its simple process, low cost, good dispersion tolerance, spectral efficiency and high anti-nonlinear effect. Non return to zero (NRZ) is a common baseband signal in optical fiber digital communication system. Therefore, we have carried on the comparative research of two kinds of downstream modulation schemes in PON system [2] [3] [4] . Fig.1(a) presents the system setup using NRZ modulation, the pseudo-random sequence and continuous wave (CW) laser can obtain optical downlink signals by Mach-Zeher modulator (MZM) directly which is used to electro-optical conversion [5] [6] . Fig.1(b) presents the experimental setup based on the ODB modulation. Firstly, pseudo-random sequence is received by pre-coding, then the electrical signal through the low-pass filter (LPF) is divided into two routes, one signal directly accessed MZM, another amplified and accessed to the MZM. Finally, we get the optical downlink signal [7] [8] [9] [10] . Fig.2 presents the novel dual-access PON system. Firstly, it produces the bit rate of 10Gbit/s pseudo-random codes, and during the ODB modulation and NRZ modulation respectively, the obtained electrical signal is sent to the laser carrier which frequency is 193.1THZ and modulate through the MZM modulator . In order to make the two optical signals coherent, the frequency of 30GHZ sinusoidal signal is used to suppress its carrier. Then connect the two optical signals whose frequencies of 193.07THZ and 193.13THZ, and transfer to 20 km single-mode fiber (SMF). At the base station side, the transmitted signal is separated and then the optical signal of different frequency is extracted by the optical band pass filter. After photoelectric conversion, the original signal is demodulated by the low-pass filter. The PON system using ODB and NRZ modulation are shown in Fig 3. Compared with the two types of photoelectric spectrums before and after transmission, we can see: in the electrical spectrum, the ODB modulation signal before the transmission(a) is mainly concentrated in the 0-5GHZ frequency range, then the signal has a sharp attenuation, and the signal disappears when the frequency reach to 40GHZ and more. And the electrical signal of NRZ modulation (b) is relatively uniform, the signal attenuation is smaller, when the frequency reaches 40GHZ, there still has a signal. After transmission, Fig.3(c) is the electrical spectrum of ODB modulation after transmission and Fig.3(B2) is the electrical spectrum of NRZ modulation after transmission. It can be seen that it is a similar tendency with the electrical spectrum before transmission. In the optical spectrum(a1)(b1)(c1)(d1), the ODB modulation spectrum (a1, c1) is mainly concentrated in the vicinity of 193.07THZ, the optical signal will disappear less than 193.06THZ or higher than 193.08THZ; NRZ modulation spectrum(b1)(d1) is widely distributed as the center of 193.13THZ frequency and decline slowly. By analysing the data, compared to NRZ modulation, the spectrum of ODB modulation is narrow, band utilization is higher. Figure 3 . the photoelectric spectrum of ODB and NRZ modulation before and after transmission, and (a) the electrical spectrum of ODB before transmission, (b) the electrical spectrum of NRZ before transmission, (c) the electrical spectrum of ODB after transmission, (d) the electrical spectrum of NRZ after transmission, (a1) the optical spectrum of ODB before transmission,(b1) the optical spectrum of NRZ after transmission, (c1) the optical spectrum of ODB after transmission, (d1) the optical spectrum of NRZ after transmission.
SYSTEM SETUP

ANALYSIS
(a1) (b1) (a2) (b2) Figure 4 . The eye diagram of ODB code and NRZ code before and after transmission, and (a1) the eye diagram of ODB before transmission, (b1) the eye diagram of NRZ before transmission, (a2) the eye diagram of ODB after transmission, (b2) the eye diagram of NRZ after transmission.
The eye diagrams of the PON system using ODB and NRZ modulation schemes are shown in Fig.4 . Before and after transmission over SMf of 20 km, it is shown that the bit error rate(BER) of the received NRZ signal (b2) is nearly 7.24e-11, but the BER of ODB modulation (a2) is higher, nearly reach to 4.14e-8. Therefore, NRZ modulation program has the lower BER, anti-code crosstalk ability is relatively stronger.
CONCLUSIONS
In this paper, a novel optical access system with optical duobinary (ODB) and non-return to zero (NRZ) downstream signals is proposed and built. The center carrier frequencies of two downlink signals with of 193.07THz and 193.13THz, and the advantages and disadvantages of the two schemes are analyzed. By comparing the optical spectrum diagrams, electrical diagrams and eye diagrams before and after downstream transmission over 20km single mode fiber (SMF), it is proved that the optical spectral efficiency of ODB downstream signals is narrow, so the band utilization is higher, but the bit error rate (BER) is higher, reach to 4.14e-8. However, optical spectral efficiency of NRZ downstream signals is wide, so the band utilization is lower, but the BER is lower，reach to 7.24e-11. The results demonstrate the two signals have their own advantages in optical access system, and users can choose according to the actual needs.
